A method is presented for solving three dimensional inviscid internal flows, with application to three dimensional noncircular nozzles. Spatial discretization is made on the finite difference formulation of Euler's equations. The convective terms is differenced using the Van Leer flux vector splitting technique. Time is advanced using the implicit Euler backward time stepping. The resulting system of algebraic equations is solved using ADI method. New numerical treatment of the flow boundary conditions is presented and applied to handle the complicated mixed boundary conditions. Application to solve flow through nozzles shows good agreement with analytical results. 
NOMENCLATURE

INTRODUCTION
The procedure of the time marching technique consists of writing the unsteady Euler's equations in finite difference form and then solving it as a function of time. The steady state solution is then computed as the asymptotic limit, of an unsteady solution. That is obtained after a large calculation time. The solution approach adopts a fully implicit difference scheme for the numerical solution of the gas dynamic equations. The Douglas-Rashford method of stabilizing correction type is used as an ADI sequence. To obtain an economical scheme, the splitting operator matrices are chosen so that at each fractional step all the unknown variables are determined independently of one another by scalar pivotal condensations. Van Leer [1] introduced an alternate flux splitting with continuously differentiable flux contributions that leads to smoother solutions at sonic points. In addition, the splitting is designed so that the shock structures can be realized with no more than two interior zones [2] , THE Van leer flux vector splitting is superiour than the Jamson's strategy for flux splittings introduced in ref {3}. Some points in nozzle have many physical boundary conditions such as , tangency to surface plus out flow or inflow , this motivate the need of developing new boundary condition treatment for the finite difference solution of such flow capable of overcoming such problem without many approximations.
A new boundary condition treatment is presented to handle the mixed boundary conditions occur at the same point in the physical domain. The objective of this study is; 1. Developing a new nonreflecting boundary condition treatment for the mixed boundary conditions occurred at the same point, for the finite difference solution of the flow field. 2. Applying the constructed flow solver to solve the flow problem of nozzle flow in three dimensions. The contravariant velocity components (U, V, W) in equations (2) are as follows:
GOVERNING EQUATIONS
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NUMERICAL PROCEDURE
The governing equations are descretised on finite difference formulation where the spatial derivatives are evaluated using Van Leer flux vector splitting technique.
The descretised flow equations suitable for implicit time marching can be written as;
Where,
The generalized fluxes 
as,
For locally supersonic flow, where
and for locally subsonic flow, where
and ( ) 
THE SOLUTION PROCEDURE
Appling the finite difference technique, the descretised flow equations will be;
the solution is obtained using ADI method and the solution after each time step will be, Q Q Q 
After modification, this becomes 
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The above modification is implemented in the three steps of ADI splitting and produces a standard block (4*4) tri-diagonal system, which can be solved to get 
The above modification is implemented in the three steps of ADI splitting and produces a standard scalar tri-diagonal system, which can be solved to get s Q' ∆ listed above and the reminder s Q' ∆ are computed from the calculated ones.
Outflow Boundary Condition:
The boundary condition is that the back pressure, b P , is specified at the outlet .We need to eliminate energy equation. The above boundary equation can be used to get the relations between the flow variables. the modification of fluxes and Jacobian matrices can be summarized as follows, 
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The modified fluxes are
The above modification is implemented in the three steps of ADI splitting and produces a standard scalar tri-diagonal system, which can be solved to get s Q' ∆ listed above and the reminder s Q' ∆ are computed from the calculated s Q' ∆ .
APPLICATIONS
The three-dimensional Euler's flow solver has been constructed to solve the subsonic and transonic flow through a three-dimensional duct. The transonic test cases show the success of the inflow and out flow boundary conditions and at each test case presents a success in tangency boundary condition implementation and mixed boundary conditions (tangency + inflow, tangency + out flow… etc). The transonic test case shows a sharp presentation of the shock surface. The 90 o -bend duct shows the ability of the code to solve the flow field with large metric gradients. The results obtained using a very coarse grid could be executed on typical PC platforms with moderate computation time.
Test case 1: Nozzle (Transonic) In this test case, the 3-D Euler solver developed is tested to deal with transonic flow through a convergent-divergent nozzle with geometry variation in the (y & z)-direction. The solution is obtained using two grid systems, coarse grid (21*5*5), and fine grid (42*10*10). The comparison of the results shows that there is a small difference between results but with great computation time increasing for the fine grid case. Results are shown in following figs. A sharp resolution of the shock surface is obtained. The nozzle geometry and back -pressure are given below:, the results compares well with the quasi one dimensional analytical solution which gives exit Mach number =.22, while the results from 3-D Euler code gives exit Mach number=.207, the developed boundary condition treatment gives the ability to increase the normal grid size without loosing to much accuracy but will eventually decrease the amount of computer processing time and memory, which is important in the early stage of the aerodynamic shape design. 
CONCLUSION
The three-dimensional Euler's flow solver has succeeded to solve the subsonic and transonic flow through a three-dimensional duct. The transonic test cases show the success of the inflow and out flow boundary conditions and at each test case presents a success in tangency boundary condition implementation and mixed boundary conditions (tangency + inflow, tangency + out flow… etc). The transonic test case shows a sharp presentation of the shock surface. The 90 o -bend duct shows the ability of the code to solve the flow field with large metric gradients. The results obtained using a very coarse grid could be executed on typical PC platforms with moderate computation time.
